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SPEAKER SYSTEM 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a speaker system in which a pseudo-spherical 
sound wave is generated by a combination of a plurality of speakers. 

2. Description of the Related Art 

Generally, speakers used in the pure audio field are required to ensure sufficient 
sound volume and have a mellow and rich tone quality. 

Now, among related art speakers, a cone-type speaker using a cone-shaped 
diaphragm plate, a dome-type speaker in which the convex side of a dome-shaped 
diaphragm defines a sounding portion, and other speakers, have been disclosed (see 
Denkidenshikogaku-Daihyakkajiten, Vol. 25 "AUDIO & VIDEO" compiled by Shigenobu 
Tsuji, issued in November, 1983, from Denkishoin; and Japanese Unexamined Patent 
Application Publication No. 11-196485, for example). 

Furthermore, in the related art speakers, what is called a tonzoile speaker in 
which a plurality of speakers having the same kind and same size openings are 
arranged linearly or along a curved line, a composite speaker in which speakers having 
different-size openings are arranged in a speaker box so as to be close to each other, 
and others have been disclosed (see Hosogijutsusosho "Onkyo-kiki" compiled by NHK 
(Japan Broadcasting Corporation), issued on July 1 , 1 963, from Gihodou; Japanese 
Unexamined Patent Application Publication No. 2-239798; and Japanese Unexamined 
Patent Application Publication No. 5-103391, for example). 

Since a sound wave is generated by the back-and-forth piston movement of the 
cone-shaped diaphragm plate in the related cone-type speaker, a large sound volume Is 
easily obtained. However, since the diaphragm plate only performs back-and-forth 
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piston movements, the radiated wave front of the sound wave forms a substantially flat 
wave. Since the sound wave is not a spherical wave as in the above-mentioned dome- 
type speaker, disturbance (turbulent flow) of the air is produced between a vibrating 
area and a non-vibrating area and it is difficult to obtain a mellow and rich tone quality. 
Moreover, the vibrating area defines a substantially cylindrical area where the air is 
directly vibrated by the vibration of the diaphragm plate, the surface of which defines a 
bottom surface of the cylindrical area. 

On the other hand, since the latter dome-type speaker produces a sound wave 
by the expansion and contraction movement of the diaphragm plate, the sound wave is 
naturally a spherical wave. Such a spherical wave advantageously generates a mellow 
and rich tone quality. However, although the whole diaphragm plate moves in the cone- 
type speaker, the whole diaphragm does not move in the dome-type speaker. The 
outer edge portion of the semi-spherical diaphragm plate is secured, and a sound wave 
is generated by the expansion and contraction of the diaphragm plate. Therefore, a 
large amplitude is not expected, and accordingly, it is difficult to obtain a large volume. 

Furthermore, the above-mentioned tonzoile speaker is used to reduce howling 
effects in a hall and theater such that a sharp directivity is provided in a particular 
direction by changing the sound volume and phase of each speaker, and, since 
disturbances of the air are not taken into consideration, tone quality cannot be improved. 
In particular, when a plurality of speakers are arranged along a curved line, the 
mounting angle and driving method of each speaker is complicated and difficult to set, 
and the construction of a speaker box is complicated and more expensive. 

Moreover, Japanese Unexamined Patent Application Publication No. 2-239798 
discloses that the sound pressure of a speaker in the middle is greater than that of 
speakers at both ends. In generally, the sound pressure means the pressure of a 
sound at a point which is a fixed distance away from a speaker. However, in the case 
of a speaker having a large diameter, even a small amplitude produces a large sound 
pressure, and in the case of a speaker having a small diameter, even a large amplitude 
produces only a small sound pressure. As it is understood from the above, the sound 
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pressure does not necessarily mean the amplitude of the speaker. Accordingly, even if 
a difference in sound pressure is provided, disturbances of the air cannot be prevented. 

Furthermore, in the composite speaker, a uniform frequency characteristic as a 
whole is obtained by providing speakers having large and small diameters that share 
the frequency range. Therefore, in the same manner as described above, the 
composite speaker is not intended to improve deterioration of the tone quality caused by 
disturbance of the air. 

SUMMARY OF THE INVENTION 
To overcome the problems described above, preferred embodiments of the 
present invention provide a speaker system in which sufficiently large sound volume is 
ensured, disturbances of the air are prevented, and a mellow and rich tone quality is 
obtained. 

In a first preferred embodiment of the present invention, a speaker system 
includes a main speaker and a subordinate speaker. In the speaker system, a pseudo- 
spherical wave with the main speaker at the center thereof is generated as a whole 
such that both speakers are vibrated in the frequency range of piston vibration and are 
in phase with each other and that the propagation speed of a sound wave produced by 
the vibration of the subordinate speaker is preferably lower than the propagation speed 
of a sound wave produced by the vibration of the main speaker. Thus, since the entire 
speaker system radiates a sound wave as a pseudo-spherical wave, there is very little 
disturbance of the air, natural sounds are transmitted, and a mellow and rich tone 
quality is obtained. 

In preferred embodiments of the present invention, the main speaker and the 
subordinate speaker are preferably constructed such that both speakers are arranged 
substantially on the same surface so as to face in the same direction and not to lie one 
on top of another and so that the subordinate speaker is vibrated with a smaller 
amplitude than the main speaker. Thus, preferred embodiments of the present 
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invention can be applied where the directivity of propagation of a sound wave in a 
particular direction is required. 

In preferred embodiments of the present invention, the subordinate speaker is 
larger in diameter than the main speaker and both speakers have the same axis. 

Furthermore, a plurality of the subordinate speakers are provided and the farther 
the subordinate speaker is located from the main speaker, the smaller amplitude with 
which the subordinate speaker is vibrated. Thus, the sound sources are not scattered 
and listening positions are widened. 

In preferred embodiments of the present invention, a plurality of the subordinate 
speakers are provided and, while the main speaker is disposed in the center, the 
subordinate speakers are arranged around the main speaker so as to have the same 
center. 

Furthermore, a plurality of subordinate speakers which are spaced different 
distances from the main speaker are provided and the farther away from the main 
speaker the subordinate speaker is located, the smaller amplitude with which the 
subordinate speaker is vibrated. Thus, even if each of the speakers is small in diameter, 
the speaker system enables both the same sound volume as a large-diameter speaker 
and a delicate sound to be realized with only small-diameter speakers. In addition, 
modulation caused by the mutual interference of sounds, which is caused, for example, 
when the sound radiated from the main speaker directly reaches the outer subordinate 
speakers, is effectively prevented, and accordingly, very little disturbance of sounds is 
caused and natural sounds are transmitted. 

In preferred embodiments of the present invention, the main speaker and the 
subordinate speakers have substantially the same acoustic characteristics and the main 
speaker is arranged between the two subordinate speakers. The speakers are 
arranged so as to be substantially linear in a direction which is substantially 
perpendicular to the sound wave propagation direction, and a first signal line, in which 
the subordinate speakers are connected in series, and a second signal line, in which the 
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main speaker is connected, are connected in parallel. Thus, since the construction of a 
speaker box is simple and the connection is simple, the cost is greatly reduced. 

In preferred embodiments of the present invention, the main speaker and the 
subordinate speakers are arranged such that the speakers lie one on top of another 
with a fixed space therebetween and the main speaker is disposed in the middle and 
each speaker is provided with a sound wave propagation opening portion such that a 
sound wave radiated from each speaker is radiated in a direction which is substantially 
perpendicular to the propagation direction thereof. 

In preferred embodiments of the present invention, the main speaker and the 
subordinate speakers have substantially the same acoustic characteristics and the 
speakers are arranged such that the main speaker is disposed between the subordinate 
speakers, the sound wave propagation opening portion corresponding to the main 
speaker and the sound wave propagation opening portion corresponding to the 
subordinate speaker have substantially the same opening area, and a first signal line, in 
which the subordinate speakers are connected in series, and a signal line, in which the 
main speaker is connected, are connected in parallel. 

In preferred embodiments of the present invention, the main speaker and the 
subordinate speakers have substantially the same acoustic characteristics and the 
speakers are arranged such that the main speaker is disposed between the subordinate 
speakers, the opening area of the sound wave propagation opening portion 
corresponding to the main speaker is preferably smaller than the opening area of the 
sound wave propagation opening portion corresponding to the subordinate speaker, 
and the main speaker and the subordinate speakers are connected in parallel to an 
audio signal line. 

According to preferred embodiments of the present invention, a wave front 
radiated from the speaker system is closer to a spherical wave. Furthermore, since a 
pseudo-spherical wave is omnidirectionally radiated, a nondirectional speaker is 
obtained. Therefore, a much mellower and natural tone quality is obtained. 
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other features, elements, characteristics and advantages of the present 
invention will become more apparent from the following detailed description of preferred 
embodiments thereof with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view showing the arrangement of speakers in a speaker system 
according to a first preferred embodiment of the present invention; 

Fig. 2 shows the whole construction of the speaker system according to the first 
preferred embodiment of the present invention; 

Fig. 3 is a front view showing the arrangement of speakers in a speaker system 
according to a second preferred embodiment of the present invention; 

Fig. 4 shows the whole construction of the speaker system according to a second 
preferred embodiment of the present invention; 

Fig. 5 is a front view showing a modified example of the arrangement of speakers 
in the speaker system according to a second preferred embodiment of the present 
invention; 

Fig. 6 shows the whole construction of a speaker system according to a third 
preferred embodiment of the present invention; and 

Fig. 7 shows the whole construction of a speaker system according to a fourth 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
First Preferred Embodiment 

Fig. 1 is a front view showing the arrangement of speakers in a speaker system 
according to a first preferred embodiment of the present invention, and Fig. 2 shows the 
entire construction of the speaker system. 

A speaker system 1 according to the first preferred embodiment preferably 
includes a main speaker 1 1 and a subordinate speaker 12. In each of the speakers 1 1 
and 12, for example, a cone-type dynamic speaker is preferably used. Both speakers 
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1 1 and 12 are arranged so as to face in the same direction, have the same axis, and not 
lie one on top of another on the same surface on the front side of a speaker box 1 3. 

Furthermore, the subordinate speaker 12 is set to have substantially twice as 
large an opening area as the main speaker, and the main speaker 1 1 and the 
subordinate speaker 12 are connected in parallel to an audio signal line 14. 

In the speaker system 1, an audio signal input through the audio signal line 14 is 
applied to the main speaker 1 1 and the subordinate speaker 12. Then, when the 
frequency of the audio signal is within the frequency range of piston vibration of the 
speakers 1 1 and 12, the subordinate speaker 12 is vibrated so as to have the same 
phase and about one-half the amplitude as the main speaker 1 1 in the non-vibration 
area away from the vibration area which is vibrated by the main speaker 1 1 . In this 
manner, when the vibration speed of air particles produced by the vibration of a speaker 
is defined as the propagation speed of a sound wave, the propagation speed of a sound 
wave produced by the vibration of the subordinate speaker 12 is substantially one-half 
of the vibration speed of a sound wave produced by the vibration of the main speaker 
11. As a result, as shown by a two-dot chain line, the wave front of the propagation is a 
pseudo-spherical wave 17, when the speaker system 1 is viewed as a whole. 

In the first preferred embodiment, since each of the main speaker 1 1 and the 
subordinate speaker 1 2 includes a cone-type dynamic speaker, sufficiently large sound 
volume is obtained when compared with when a dome-type speaker of the same size is 
used. Furthermore, since the main speaker 1 1 and the subordinate speaker 12 are 
arranged on the same surface so as not to lie one on top of another and the subordinate 
speaker 12 is vibrated so as to have the same phase and about one-half amplitude as 
the main speaker 1 1 in the non-vibration area which is not vibrated by the main speaker, 
the speaker system 1 generates a propagation wave front that is substantially a 
spherical wave as a whole. Therefore, a mellow and rich tone quality is obtained. 
Furthermore, very little disturbance of the air is caused, natural sounds are transmitted, 
and sound sources are not scattered. Accordingly, the acoustic orientation is stabilized 
and wide listening positions are obtained. 
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Second Preferred Embodiment 

Fig. 3 is a front view showing the arrangement of speakers in a speaker system 
according to a second preferred embodiment of the present invention, and Fig. 4 shows 
the entire construction of the speaker system. 

A speaker system 2 according to the second preferred embodiment includes a 
main speaker 21 and a pair of upper and lower subordinate speakers 22 arranged so as 
to sandwich the main speaker 21 . In each of the speakers 21 and 22, for example, a 
cone-type dynamic speaker is used. Each of the cone-type dynamic speakers has the 
same acoustic and electrical characteristics and substantially the same opening area. 

Furthermore, the speakers are arranged substantially linearly in a longitudinal 
direction which is substantially perpendicular to the sound wave propagation direction 
on the front-side same surface of a speaker box 23 such that non-vibration areas away 
from a vibration area which is vibrated by the main speaker 21 are vibrated by the 
subordinate speakers 22. Moreover, the arrangement of the speakers 21 and 22 is not 
limited to the longitudinal direction and may be arranged laterally. Then, the 
subordinate speakers 22 are electrically connected in series to each other and they are 
connected in parallel to an audio signal line 24 directly connected to the main speaker 
21. 

In the speaker system 2 having the above-described construction, an audio 
signal input through the audio signal input line 24 is input to the central main speaker 21 
with a signal level. However, since the upper and lower speakers 22 are connected in 
series, an audio signal having substantially one-half of the signal level is input to each of 
the subordinate speakers 22. 

Accordingly, when the frequency of the input audio signal is in the frequency 
range of piston vibration of the speakers 21 and 22, the subordinate speakers 22 vibrate 
the non-vibration areas of the main speaker 21 so as to be in phase with the main 
speaker 21 and have about one-half amplitude as the main speaker 21 . In this manner, 
the propagation speed of sound waves generated by the subordinate speakers 22 is 
substantially one-half of the propagation speed of a sound wave generated by the main 

8 



speakers 21. As a result, as shown by a two-dot chain line in Fig. 4, the speaker 
system 2 as a whole produces a propagation wave front as a pseudo-spherical wave 27. 

In this manner, in the second preferred embodiment, since each of the main 
speaker 21 and subordinate speakers 22 includes a core-type dynamic speaker having 
substantially the same acoustic characteristics, even if the main speaker 21 and 
subordinate speakers 22 have small openings, the combination of the speakers 21 and 
22 has the same sound volume as a large-diameter speaker, and, although the 
speakers have a large total area, the speakers also produce delicate sound which can 
be obtained by small-diameter speakers. 

Furthermore, the main speaker 21 and the subordinate speakers 22 are 
substantially linearly arranged on the same surface in a direction which is substantially 
perpendicular to the sound wave propagation direction, and the subordinate speakers 
22 vibrate non-vibration areas of the main speaker 21 so as to be in phase with the 
main speaker 21 and have about one-half amplitude as the main speaker 21 . 
Accordingly, the speaker system produces a propagation wave front that is substantially 
a spherical wave as a whole. As a result, there is no disturbance of the air and a 
mellow and rich tone quality is obtained. 

Furthermore, since the main speaker 21 and the subordinate speaker 22 are 
arranged in a longitudinal line on the same surface of the speaker box 23, the 
construction of the speaker box 23 is simple, and, since the connection is also simple, 
the cost of the speaker system is greatly reduced. 

Moreover, in the second preferred embodiment, although the main speaker 21 
and the subordinate speaker 22 are linearly arranged, the arrangement is not limited to 
that arrangement, and, for example, as shown in Fig. 5, a speaker system can be 
constructed to generate a pseudo-spherical wave such that the left and right and upper 
and lower subordinate speakers 22 are arranged around the main speaker 21 . 
Furthermore, the subordinate speakers 22 may be circularly arranged around the main 
speaker 21. 
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Third Preferred Embodiment 

Fig. 6 shows the entire construction of a speaker system according to a third 
preferred embodiment of the present invention. 

A speaker system 3 according to the third preferred embodiment includes a main 
speaker 31 and a pair of subordinate speakers 32 which are arranged so as to 
sandwich the main speaker 31 from the upper and lower sides. In each of the speakers 

31 and 32. for example, a cone-type dynamic speaker is used, and the speakers 31 and 

32 have the same acoustic and electrical characteristics and have substantially the 
same opening area. 

Furthermore, the speakers 31 and 32 are mounted on the front side of speaker 
boxes 33 so as to face downward. Each speaker box 33 is integrally supported by 
supports (not illustrated) such that the speakers 31 and 32 lie one on top of another on 
the same axis with a fixed space therebetween. 

Accordingly, the speaker box 33 of the main speaker 31 defines a reflecting plate 
for the upper subordinate speaker 32, the speaker box 33 of the lower subordinate 
speaker 32 defines a reflecting plate for the main speaker 31 , and a floor surface 35, on 
which supports (not illustrated) are disposed, defines a reflecting plate for the lower 
subordinate speaker 32. Moreover, a reflecting plate may be used instead of the floor 
surface 35. 

In this manner, the spaces between the speaker boxes 33 and the space 
between the speaker box 33 and the floor surface 35 define sound wave propagation 
opening portions 38 and 39. The sound wave propagation opening portions 38 and 39 
are arranged such that a sound wave radiated from each of the speakers 31 and 32 is 
omnidirectionally emitted. Moreover, in the third preferred embodiment, the spaces LO 
between the speakers 31 and 32 and the upper surface of the speaker boxes 33 directly 
under the speakers 31 and 32 or the floor surface 35 are preferably substantially the 
same. Therefore, each of the sound wave propagation opening portions 38 and 39 
corresponding to the speakers 31 and 32 has substantially the same area. 
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Furthermore, while the subordinate speakers 32 are electrically connected in 
series and the main speaker 31 is directly connected to an audio signal line 34, the 
main speaker 31 and the subordinate speakers 32 are connected in parallel to the audio 
signal line 34. 

In the speaker system 3 having the above-described construction, an audio 
signal input through the audio signal line 34 is input to the main speaker 31 in the 
middle with a desired signal level. However, since the upper and lower subordinate 
speakers 32 are connected in series, an audio signal of substantially one-half of the 
desired signal level is input to each subordinate speaker 32. 

Therefore, when the frequency of the input audio signal is within the frequency 
range of piston vibration of each of the speakers 31 and 32, the subordinate speakers 
32 vibrate non-vibration areas of the main speaker 31 such that the subordinate 
speakers 32 are in phase with the main speaker 31 and have about one-half amplitude 
of the main speaker 31 . 

Then, the sound waves radiated from the speakers 31 and 32 are reflected on 
the upper surface of the speaker boxes 33 or the floor surface 35, and, after passing 
through the sound wave propagation opening portions 38 and 39 which correspond to 
the speakers 31 and 32, the sound waves are omni-directionally radiated in a direction 
which is substantially perpendicular to the direction in which the speakers 31 and 32 lie 
one on top of another. Since the spaces LO between the speakers 31 and 32 and the 
upper surface of the speaker boxes 33 directly under the speakers 31 and 32 or the 
floor surface 35 are substantially the same, the opening area of the sound wave 
propagation opening portions 38 and 39 corresponding to the speakers 31 and 32 is 
substantially the same. 

Accordingly, the propagation speed of a sound wave at the sound wave 
propagation opening portion 39 generated when the subordinate speaker 32 is vibrated 
is substantially one-half of the propagation speed of a sound wave at the sound wave 
propagation opening portion 38 generated when the main speaker 31 is vibrated. As a 
result, as shown by a two-dot chain line in Fig. 6, in the speaker system 3 as a whole, 
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the propagation wave front defines a pseudo-spherical wave 37. Moreover, the pseudo- 
spherical wave 37 is nondirectional because it is omnidirectionally radiated. 

Thus, the speaker system 3 of the third preferred embodiment produces a 
propagation wave front that is substantially a spherical wave as a whole, and the 
speaker system 3 is nondirectional. Accordingly, there is no disturbance of the air and a 
mellow and rich natural tone quality are obtained. 

Fourth Preferred Embodiment 

Fig. 7 shows the entire construction of a speaker system according to a fourth 
preferred embodiment of the present invention. 

In a speaker system 4 of the fourth preferred embodiment, the space L1 between 
the main speaker 41 and the upper surface of a speaker box 43 below the main speaker 
41 is preferably narrower than the space L2 between the subordinate speaker 42 and 
the upper surface of a speaker box 43 below the subordinate speaker 42 or the floor 
surface 45. In addition, the main speaker 41 and the subordinate speakers 42 are 
connected in parallel to an audio signal line 44. Moreover, reference numeral 45 
represents a floor surface. 

Since the remaining construction is the same as the third preferred embodiment, 
the detailed description is omitted. 

In the speaker system 4 having the above-described construction, both the main 
speaker 41 and subordinate speaker 42 are connected in parallel to the audio signal 
line 44. Therefore, an audio signal input through the audio signal line 44 has the same 
signal level to each of the speakers 41 and 42. Accordingly, when the input audio 
signal is in the frequency range of piston vibration of each of the speakers 41 and 42, 
the subordinate speakers 42 are vibrated such that the subordinate speakers 42 are in 
phase with the main speaker 41 and have the same amplitude as that of the main 
speaker 41 . 

Then, the sound waves radiated from the speakers 41 and 42 are reflected on 
the speaker boxes 43 or the floor surface 45, and, after passing through the sound 
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wave propagation opening portions 48 and 49 corresponding to the speakers 41 and 42, 
the sound waves are omni-directionally radiated in a direction which is substantially 
perpendicular to the direction in which the speakers 41 and 42 lie one on top of another. 

In the fourth preferred embodiment, the spaces LI and L2 are set such that the 
opening area of the sound wave propagation opening portion 48 corresponding to the 
main speaker 41 is substantially one-half of the opening area of the sound wave 
propagation opening portion 49 corresponding to the subordinate speakers 42. 
Accordingly, even if the speakers 41 and 42 are vibrated such that the main speaker 41 
and the subordinate speakers 42 are in phase and have the same amplitude, the 
propagation speed of a sound wave at the sound wave propagation opening portion 49 
generated when the subordinate speaker 32 is vibrated is substantially one-half of the 
propagation speed of a sound wave at the sound wave propagation opening portion 48 
generated when the main speaker 42 is vibrated. As a result, as shown by a two-dot 
chain line in Fig. 7, the propagation wave front defines a pseudo-spherical wave 47 
when the speaker system is considered as a whole. Moreover, since the pseudo- 
spherical wave 47 is omni-directionally radiated, the wave 47 is nondirectional. 

Thus, the speaker system 4 of the fourth preferred embodiment produces a 
propagation wave front that is substantially a spherical wave when the speaker system 
4 is viewed as a whole, and the propagation wave front is nondirectional. Therefore, 
there is no disturbance of the air and a mellow and rich natural tone quality is obtained. 

Regarding the above-described preferred embodiments 1 to 4, the following 
modifications and applications can be considered. 

In the above-described first and second preferred embodiments, one subordinate 
speaker 1 2 is arranged around a main speaker so as to have the same axis and a 
plurality of subordinate speakers 22 are arranged at substantially equal distances from 
a main speaker 21 . However, three or more subordinate speakers may be coaxially 
provided around a main speaker, and also multistage subordinate speakers may be 
concentrically provided around a main speaker. In these cases, the farther the 
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subordinate speaker is separated from the main speaker, the smaller amplitude with 
which the subordinate speaker is vibrated. 

Moreover, in the first and second preferred embodiments, the main speakers 1 1 
and 21 and subordinate speakers 12 and 22 are all arranged on the same surface. 
Since a propagation wave front from the speaker system is much closer to a spherical 
wave when constructed in this manner, such a construction is desirable, however, it is 
possible to arrange the subordinate speakers 12 and 22 so as to be slightly moved 
away from the main speakers 1 1 and 21 . 

In the above-described second and third preferred embodiments, although the 
amplitude of an audio signal is preferably set to one-half by connecting the subordinate 
speakers 22 and 32 in series, it is possible to make the amplitude of an audio signal 
provided to each of the subordinate speakers 22 and 32 one-half by connecting an 
attenuator to each of the subordinate speakers 22 and 32. Furthermore, the input 
impedance of the subordinate speakers 22 and 32 may be made larger than the input 
impedance of the main speakers 21 and 31, or subordinate speakers 22 and 32 having 
lower efficiencies than the main speakers 21 and 31 may be used. In this manner, even 
if an audio signal of substantially the same amplitude is applied to the main speakers 21 
and 31 and the subordinate speakers 22 and 32, it is possible to produce the pseudo- 
spherical waves 27 and 37. 

In the above-described third and fourth preferred embodiments, although a pair 
of subordinate speakers 32 and 42 are arranged above and below the main speakers 
31 and 41, the arrangement is not limited thereto, and it is also possible to arrange the 
subordinate speakers 32 and 42 in a multistage arrangement. 

Furthermore, in the third preferred embodiment, a pseudo-spherical wave is 
generated by making the amplitude of an audio signal different between the main 
speaker 31 and the subordinate speakers 32, and in the fourth preferred embodiment, a 
pseudo-spherical wave is generated by making the spaces LI and L2 different between 
the speakers 41 and 42 and the speaker boxes 43 or the floor surface 45. However, 
even if the amplitude of audio signals applied to the speakers 31 and 32 or 41 and 42 is 
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substantially the same and the space LO between the speakers 31 and 32 or 41 and 42 
are substantially the same, the propagation speed of a sound wave is adjusted by 
changing the diameter of the speakers 31 and 32 or 41 and 42 or by providing a duct, 
port, slit, or other suitable structure in the sound wave propagation opening portions 38 
and 39 or 48 and 49 to change the opening area. Thus, it is possible to generate the 
pseudo-spherical waves 37 and 47. 

The present invention is not limited to each of the above-described preferred 
embodiments, and various modifications are possible within the range described in the 
claims. An embodiment obtained by appropriately combining technical features 
disclosed in each of the different preferred embodiments is included in the technical 
scope of the present invention. 
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